Introduction
The total withdrawal of antibiotic growth promoters from pig diets in January 2006 prompted a search for the best alternatives to them. Among these alternatives, the (1,3)-(1,6)-β-D-glucan isolated from brewer's yeast, Saccharomyces cerevisiae, seems to be a very interesting option. Many studies have demonstrated its beneficial influence on the health of pigs and their production performance (Dritz et al., 1995; Eicher et al., 2006; Li et al., 2006) , but some studies reported no benefits (Hiss and Sauerwein, 2003) . The last cited authors admitted, however, that the investigations were fragmentary and did not involve the entire production cycle.
The aim of the present study was to assess the production results and health status of sows and their offspring modulated by supplementation of (1,3)-(1,6)-β-D-glucan in experimental doses.
Material and methods
The investigation was performed on 40 crossbred sows (Polish Large White × Polish Landrace) and their 411 offspring at a commercial farm. The animals were subject to routine care and veterinary treatment performed on the farm. On the second day after parturition, the litters were standardized according to size and body weight; the smallest and weakest piglets were culled according to farm technology. In a farrowing unit, piglets were housed with their dams in triple slatted farrowing pens. Iron in the form of an intramuscular injection was given to piglets twice: on days 2 and 19 of life. During the suckling period, from day 10 of life, the piglets had free access to solid feed (Prestarter). After weaning (on day 21 of life) the piglets were moved to a nursery unit and kept in grouped pens for 30 weaners. They were fed the same feed up to day 45 of life.
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The animals were assigned to four different groups: I -control (standard feed used at the farm), and experimental, which were provided additionally with purified (>80%) (1,3)-(1,6)-β-D-glucan supplemented at a level of: II -100, III -200, IV -300 ppm, respectively (Table 1) . Feed was prepared according to NRC (1998) recommendations. The source of β-glucan was Betamune®. The sows were provided with the experimental feed from day 80 of gestation and were moved into the farrowing building 10 days before expected parturition. The daily dose of the mixture for sows at the farrowing unit was gradually increased up to day 7 after parturition, next they were fed ad libitum to day 19, and for the last two days of lactation, the daily feed dose was limited to 4.5 kg.
The following production data were collected during the course of the experiment: body weight (BW) of sows on the first and last (weaning) day of stay in a farrowing pen, and of piglets on days 2, 21 (weaning) and 45 (the end of experiment) of life, feed intake (FI) of sows (in the farrowing building) and piglets (in the nursing building), piglet losses, finally, daily gains (DG) and the feed conversion ratio (FCR) were calculated. To estimate health status, samples of blood, colostrum and milk were obtained from 10 randomly selected sows and piglets in every group. Blood was collected into serum tubes from the vena jugularis externa from sows on days 2 and 21 of lactation; from piglets on days 2, 21 and 45 of life. Colostrum samples were taken on day 2, and milk samples, on day 21 after parturition (after injection of 2 ml of oxytocin). Total protein (TP) and its fractions were estimated in serum as well as in colostrum and milk whey. The level of TP was estimated using the BCA test, and its fractions, using filter paper electrophoresis. Additionally, the guaiacol (peroxidase) test was applied in serum to measure the haptoglobin (Hp) level (Jones and Mould, 1984) .
On the 45 th day of life, 12 representative healthy barrows (3 from every group) were randomly chosen and slaughtered in order to dissect the small intestine. Six 2-cm-long scraps of intestine (intenstinum tenue) were cut 20 cm below the duodenum. The segments were gently rinsed in buffered saline water and fixed in buffered glutarate aldehyde and formalin. The tissue scraps were examined using a scanning electron microscope (Leo Zeiss 435 VP, Oberkochen, Germany) and an Axio Imager fluorescence microscope (Zeiss, Oberkochen, Germany). The following features were taken into consideration during the histological analysis: location and shape of intestinal villi, both number and intensity of intestine glandular membrane damage, presence and activity of glandular cells, as well as integrity of the basement membrane.
The collected data were evaluated statistically. Treatment comparisons were made by analysis of variance procedures for a completely randomized design using the STATISTICA (2011). Differences between the means were determined by the post-hoc Tukey's test at the 0.05 and 0.01 levels.
Results
The changes in BW and FI of sows at the farrowing unit are presented in Table 2 . The average BW before parturition was similar in all groups (247.3 kg). Moreover, there were no statistical differences in BW losses during lactation, the mean values amounted to 42.7 kg. Comparable losses were noted in groups I, II and III, and were: 17.8%, 17.3% and 17.4% of initial BW, respectively. The lowest weight loss was recorded in group IV, 16.5%. The average FI for sows was 7.9 kg per day. The lowest FI was noted in group I and this result was statistically different compared with the highest FI, found in group III (P ≤ 0.05).
The initial number and BW of piglets after standardization was similar in all groups ( Table 2) . The same tendency was observed on weaning day, however, at the end of the experiment statistically confirmed differences were found in BW between group I (control) and two experimental groups, III and IV. The observed differences in BW and DG at the nursing unit were related to FCR. The highest FCR was in the control group, and this result differed significantly from the other groups at P ≤ 0.01.
The changes in total protein and its fractions in sow serum during lactation are shown in Table 3 . On day 2 after parturition, the lowest concentration of TP, albumin and globulin was observed in group II and there were statistically confirmed differences at P ≤ 0.01 compared with group III (the highest content). Statistically meaningful differences appeared in different globulin fractions between the experimental groups. The mean values of TP on day 21 were more balanced between the groups, however, a significant difference (P ≤ 0.05) was noted between groups III and IV. The lowest concentration of γ-globulin was determined in group I, and this result statistically differed from the highest value observed in group III.
The haptoglobin level in sows (Figure 1 ) on day 2 of lactation was the highest in group III and statistically differed from the results obtained in the other groups, i.e. at P ≤ 0.01 in group IV and at P ≤ 0.05 in groups I and II. At the end of lactation, the Hp content was low and there were no differences among the groups.
The changes in TP and levels of its fractions in piglet serum during the experimental period are presented in Table 4 . On day 2 of life, the lowest concentration of TP was recorded in group III, and this result differed significantly from the value obtained in group IV (P ≤ 0.01). Differentiation among the groups did not increase to the end of the observation period. The mean albumin concentrations were subject to change throughout the entire experimental period. Statistical differences were noted on day 2 between groups IV and II (P ≤ 0.01) and on day 21 between groups I and II, III (P ≤ 0.05). Some statistically significant differences between the groups were found in the globulin fractions depending on the day they were determined, i.e. on day 2 in the α-and γ-globulin fractions, on day 21 in the β-and γ-globulin fractions, and on day 45 only in the γ-globulin fraction. The changes in the Hp concentration in piglet serum are presented in Figure 2 . On day 2, the mean values of this index equalled 0.14 g · l -1 . On day 21, the highest concentration (1.09 g · l -1 ) was recorded in group II, but there were no significant differences compared with the other groups. On day 45, Hp was not detected in any of the groups.
The comparison of TP and its fractions in colostrum and milk is presented in Table 5 . Very high diversity in colostrum TP was noted among groups, however, it was not confirmed statistically; similar observations in the results concerning milk were not found. Significant differences were recorded in the colostrum albumin fraction at the P ≤ 0.01 level between groups II and IV, and at the P ≤ 0.05 level, between groups II and I, III. Statistical differences were also present among milk globulin fractions. The greatest differences at the P ≤ 0.01 level were noted between groups II and III as well as between groups I and IV.
Regarding the morphology of glandular epithelium, no losses were noted in group II (Figures  4 and 5) , while they were considerable in other groups. The analysed intestinal surface showed a reduced degree of destruction due to the death of the animals, which caused disconnection of the gland stroma from its epithelium. Further analysis showed that animals from groups III and IV had a higher intestinal villi (villi intestinales) density (Figures 6, 7 and 8) compared with the control group, which did not receive dietary β-glucan (Figure 3) . The control group villi had a clearly oval, finger-like shape and were located in great proximity to each other. The animals in the other groups did not reveal such features. No lobar damages in the intestinal villi were observed in group II (Figure 7 ). The animals from groups III and IV were characterized by the highest number of glandular cells (Figures 7 and 8 ).
Discussion
No differences in body weight (BW) losses of sows were observed among dietary treatment groups during lactation. Similar observations with a yeast supplement to sow diets were made by Veum et al. (1995) and Jurgens et al. (1997) . In the present study, however, β-glucan supplementation affected sow feed intake. Although Jurgens et al. (1997) did not find a significant effect on feed intake, the sows fed yeast treatments tended to consume less feed over the 3-week lactation period compared with those fed the control diet.
On day 2 after parturition, the total protein (TP) concentration in sow serum was low, but such a decrease could be explained by immunoglobulin transfer to colostrum. A relationship can be observed between the highest serum TP level in the group of sows receiving 200 ppm of β-glucan and the lowest TP value in their colostrum. A physiological increase in this parameter was marked in all groups at the end of lactation. The present observations are similar to those noted by Machado-Neto et al. (1987) . Just after parturition, no distinct influence on the examined sow serum globulin fractions of the additive was noted. Such a tendency could be observed at the end of lactation. The mean values of globulin content were the lowest in the control group. The same, expected tendency was noted in case of γ-globulin content in milk. These data indicate that the changes in haptoglobin (Hp) concentration in sow serum seem to be dependent on physiological status and are similar to those described by other authors (Verheyen et al., 2007; Hiss-Pesch et al., 2011) .
The data from this experiment are consistent with the results reported by Jurgens et al. (1997) , who revealed that yeast treatment increased γ-globulin fractions in milk. Additionally, one can notice the greater variability in all globulin fractions in control sows compared with the other groups. This effect could be considered an expected, positive influence of β-glucan supplementation to sow diets.
There were no statistically confirmed differences in piglet BW during the suckling period. The studies of Veum et al. (1995) and Jurgens et al. (1997) support these findings. In the present study, it was difficult to evaluate the influence of the investigated additives on piglet rearing results because of the technological culling carried out at the farm. It can be concluded that the lowest losses were found in groups when 200 or 300 ppm of β-glucan was added to the diet during the suckling period. Satisfactory piglet rearing results after supplementing pregnant and lactating sows with yeast were reported by Fuchs et al. (2007) , who noted a distinct influence of the investigated additives on piglet daily gain (DG) during the entire experimental period. The same tendency was described by Eicher et al. (2006) and Li et al. (2006) . It is worth emphasizing that different results are obtained by different researchers using various amounts of β-glucan. Li et al. (2006) reported higher DG in pigs fed 50 ppm of β-glucan, in contrast to Hiss and Sauerwein (2003) , who used 150 to 300 ppm of β-glucan and obtained marginal benefits on pig performance. A higher dose of β-glucan was used by Schoenherr et al. (1994) , who confirmed the beneficial influence of this dose.
Looking at TP and its fractions in piglet serum on day 2 of life, it is difficult to find a distinct influence of the investigated additives. The average TP level is similar to that reported by Machado-Neto et al. (1987) .
These data indicate that the changes in the Hp concentration in piglet serum during the entire experimental period are similar to those suggested by Piñeiro et al. (2009) as good health indicators. This can be confirmed in the presented study by the dynamics of changes in the γ-globulin fraction. Several studies investigated the action of yeast cell wall components on the immune function of weaning pigs. Reduced Hp concentration was also reported by Dritz et al. (1995) in β-glucan-fed pigs.
Taking into account the secretory function of the analysed intestinal segment, the most beneficial results, including the morphology of beaker cells, were in the groups where 200 or 300 ppm of β-glucan was used. The integrity of the glandular epithelium in terms of the high density of glandular epithelium cells is a dominant feature of small intestine protection against local pathogenic infections. Application of β-glucans (200-300 ppm in feed) could affect its protection against infections. Similarly, an increase in the villus height/crypt depth ratio was observed in the studies conducted by Pelicano et al. (2005) and Gao et al. (2008) in broiler chickens fed yeast when compared with control birds. These results agree with those from a study carried out by Shen et al. (2009) where yeast supplementation for nursery pigs improved jejunal villus height and the villus height/crypt depth ratio. Other studies, however, have shown that histological evaluation indicated no effect of yeast and cell wall product on villus height, crypt depth and villus height/crypt depth ratio (White et al., 2002; Van der Peet-Schwering et al., 2007) . In the present study, as regards the integrity of the entire intestinal villus, the most profitable situation was observed in the case of animals in the group where 100 ppm of β-glucan was added to the diet.
There was no observed distinct influence of the tested additives on BW changes in sows and piglets. Nonetheless, supplementation of β-glucan (at the 200-300 ppm level) exhibited a beneficial effect on increasing the γ-globulin content of sow milk and improved the post-weaning feed conversion ratio and daily gain of piglets.
